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ABSTRACT

A digital simulation of the performance of the LRV
Navigation System is described. The simulation used the speci-
fication gyro drift rate of 10°/h and the estimated misalignment
error of 3%, evaluated over traverses that were being considered

for Apollo 15 as of January 1971. The following results were
obtained:

a. In order to keep the maximum Navigation System
position error under 600 meters, the gyro has to
be realigned only once during the first traverse,
at the end of stop number 3.

b. For the second traverse, the same error criterion
is met with three realignments at the end of stops
number 5, 6, and 9.

c. Two realignments are necessary for the third traverse,
at the end of stops number 12 and 14.

d. The effects of lunar rotation, lurain roughness and
a slip of 1.85% are negligible in comparison with
the effect of either 10°/h or 5°/h gyro drift and
3° misalignment errors.

Due to the last result a valid traverse analysis can
be made accounting only for misalignment and gyro drift errors.
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MEMORANDUM FOR FILE

The Rover Navigation System Simulation Program
described in Reference 1 was used to evaluate the expected
maximum position errors in the LRV navigation system during
the three Apollo 15 traverses.

The traverses that were simulated are shown in
Figure 1. They are the update of January 28, 1971; however,
since times and distances rather than the exact traverse
geometry are the major factors in error generation, this
analysis should be also valid for later traverse updates.
They were reduced into segments of straight lines and arcs
for input to the simulation program. The resultant traverses
which were followed by the simulated rover as a result of
these inputs are shown in Figure 2. The value used for the
misalignment error was 3° and the maximum value used for the
gyro drift rate was 10°/h. The first number was estimated in
Reference 2 whereas the second number is the specification
value (see p. 2-28 in Reference 3). Two classes of runs were
made; in the first, the specification gyro drift rate of
10°/h was used, while in the second 5°/h was used because this
is expected to be closer to actual drift rate of the system.
The results of those runs are tabulated in Table I.

For each condition the traverse was run without any
alignments and then re-run with an alignment added until the
maximum error between the true LRV position and the position
indicated by the navigation system was less than the specifica-
tion value of 600 m (see Reference 3). The science stops for
the alignments were selected on the basis of their duration
(the longer stops accumulate more drift errors) and their

distribution along the traverse. It can be seen from Table I
that the effects of either 1.85% slip or lurain features were
relatively small. (The value of 1.85% for the Apollo 15

estimated slip was given by MSFC.)
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FIGURE 1- APOLLO 15 TRAVERSES (1/28/71 REVISION)
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FIGURE 2 - A 4020 PLOT OF THE APOLLO 15 TRAVERSES AS FOLLOWED BY THE SIMULATED LRV
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From the results shown in Table I it is concluded
that in order to keep the maximum position error under
600 meters in the worst case of 10°/h gyro drift it is
necessary to realign the gyro once at the end of stop
number 3 on the first traverse, three times at the end of
stops number 5, 6, and 9 on the second traverse, and twice
at the end of stops number 12 and 14 on the third traverse.
It would appear that if the actual gyro drift rate is only
5°/h, one alignment could be eliminated from each traverse.

It is essential that the realignments be performed
at the end of the stops since these stops are for relatively
long durations and the gyro drift rates lead to a large
heading error. The results of Table I agree closely with
those given in Reference 4. Since it was found that lurain
characteristicg and slip are not necessary for a valid
analysis, a simpler analysis of the traverses using only
misalignment and gyro drift errors is adequate.

2031-1IYB-jf I. Y. Bar-Itzhack
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